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Abstract When agonistic interventions are nepotistic,
individuals are expected to side more often with kin but
less often against kin in comparison with non-kin. As yet,
however, few mammal studies have been in a position to
test the validity of this assertion with respect to paternal
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relatedness. We therefore used molecular genetic kinship
testing to assess whether adult female rhesus macaques
(Macaca mulatta) from the free-ranging colony of Cayo
Santiago (Puerto Rico) bias their interventions in ongoing
dyadic aggressive interactions towards maternal and pater-
nal half-sisters compared with unrelated females. It turned
out that females supported maternal half-sisters significant-
ly more often than paternal half-sisters or non-kin regard-
less of the costs associated with such interventions.
Similarly, females targeted maternal half-sisters significant-
ly less often than non-kin when this was associated with
high costs. Unrelated females provided significantly higher
mean rates of both high- and low-cost support to each other
than did paternal half-sisters. However, females targeted
paternal half-sisters significantly less often than non-kin
when targeting was at low cost, suggesting that females
refrain from intervening against paternal half-sisters. Our
data confirm the general view that coalition formation in
female mammals is a function of both the level of maternal
relatedness and of the costs of intervention. The patterns of
coalition formation among paternal kin were found to be
more complex, and may also differ across species, but clear
evidence for paternal kin discrimination was observed in
female rhesus as predicted by kin selection theory.

Keywords Coalition formation - Paternal kin discrimination -
Female rhesus macaques - Costs of intervention

Introduction

A coalition is formed when an individual intervenes in an
ongoing conflict between two opponents to support one
against the other (de Waal 1992). Because support in favour
of one opponent simultaneously implies targeting the other,
coalitions represent triadic interactions involving a support-

@ Springer



206

Behav Ecol Sociobiol (2006) 61:205-214

er, a recipient and a target. Coalition formation has been
observed in birds (Harcourt 1992; Heinsohn et al. 2000),
carnivores (Waser et al. 1994; Engh et al. 2000, 2005;
Wahaj et al. 2004; Packer et al. 1991; reviewed in Zabel et
al. 1992), cetaceans (Connor et al. 1992, 1999; Kriitzen et
al. 2004) and primates (Harcourt and de Waal 1992). In
particular, the precise nature of coalition formation has been
studied in various Cercopithecine primates, that is, ma-
caques and baboons (e.g. Kurland 1977; Kaplan 1977,
1978; Massey 1977; Walters 1980; Bercovitch 1988; Noé
and Sluijter 1995).

Kin selection theory predicts that relatedness influences
social behaviour because animals preferentially interacting
with kin increase their inclusive fitness (Hamilton 1964). In
mammals, females are particular interesting with respect to
kin bias. They predominantly remain in their natal groups,
whereas males disperse (Pusey 1987). This implies that
females frequently interact with both kin and non-kin
(Greenwood 1980). Previous studies have shown that
female mammals preferentially support maternal kin against
maternally unrelated animals, for example, spotted hyenas
(Crocuta crocuta; Wahaj et al. 2004), rhesus macaques
(Macaca mulattal; Kaplan 1977, 1978; Bernstein and
Ehardt 1985), bonnet macaques (Macaca radiate; Silk
1982), Japanese macaques (Macaca fuscata; Chapais et al.
1997), savannah baboons (Papio cynocephalus; Silk et al.
2004), and that female primates, in particular, take high
risks when supporting maternal kin against opponents of
higher social rank than themselves, for example, rhesus
macaques (Datta 1983a,b; Kaplan 1977; Bernstein and
Ehardt 1985).

Studies of coalition formation have so far only distin-
guished between maternal kin and maternally unrelated
individuals (Wahaj et al. 2004). However, the latter
category of subjects comprises a substantial proportion of
paternal kin when male reproduction is skewed, as has been
demonstrated in a number of mammals, for example,
Damaraland mole rats (Cryptomys damarensis; Cooney
and Bennett 2000), banded mongooses (Mungo mungo;
Cant 2000), fallow deer (Dama dama; Say et al. 2003),
black rhinoceros (Diceros bicornis; Garnier et al. 2001),
spotted hyenas (Engh et al. 2002), African lions
(Panthera leo; Packer et al. 1991), bottlenose dolphins
(Tursiops truncates; Kriitzen et al. 2004), humpback whales
(Megaptera novaeangliae; Nielsen et al. 2001), savannah
baboons (Altmann et al. 1996), toque macaques (Macaca
sinica; Keane et al. 1997), rhesus macaques (Widdig et al.
2004), Mandrills (Mandrillus sphinx; Charpentier et al.
2005). To assess the full importance of kin bias for the
evolution of coalition formation, paternal relatedness
therefore has to be taken into account.

Whether animals recognize their paternal kin or not has
been discussed for decades (e.g. Gouzoules and Gouzoules
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1987; Walters 1987; Bernstein 1991), a debate fuelled by
contradictory findings in captive primates (e.g. Wu et al.
1980; Fredrickson and Sackett 1984; Sackett and
Fredrickson 1987; Welker et al. 1987; Erhart et al. 1997).
However, paternal kin discrimination has been clearly
shown to occur in a number of mammalian species, for
example, Belding’s ground squirrels (Spermophilus bel-
dingi; Holmes 1986), golden hamsters (Mesocricetus
auratus; Todrank et al. 1998) and spotted hyenas (Wahaj
et al. 2004). Recent field studies in primates have further
revealed that Cercopithecine females are also capable of
discriminating between paternal half-sisters and unrelated
females. Among rhesus macaques, adult females bias their
affiliation towards paternal half-sisters compared with
unrelated females (Widdig et al. 2001), a result that has
also been found in adult female savannah baboons (Smith
et al. 2003; Silk et al. 2006) and juvenile mandrills
(Charpentier et al. 2006). Kin selection theory also predicts
that paternal kin should direct less aggression towards each
other than towards non-kin (Hamilton 1964). However, no
evidence for this assertion has been found in the context of
dyadic aggression between rhesus macaques (Widdig et al.
2002). Paternal half-sisters were found to direct dyadic
aggression towards each other at the same rate as towards
unrelated females (Widdig et al. 2002). Kin discrimination
is therefore likely to be context-dependent (cf. Waldman et
al. 1988; Keane 1990; Pfennig et al. 1993) when observed
only in connection with specific behavioural patterns but
not others. Ultimately, kin selection is dependent upon three
factors: the degree of relatedness, the costs of interaction
and the benefit of interaction. Therefore, one might expect
kin discrimination to happen in a complicated, strongly
context-dependent fashion.

Coalition formation is one of the most complex
behaviours exhibited by social animals. The intervening
animal (‘supporter’) is involved into two conflicting
interactions: their cooperation with the opponent who
receives the support (‘recipient’) and their aggression
directed towards the other (‘target’). To date, no primate
study has addressed the question under which conditions
and in which context females discriminate paternal kin from
non-kin in triadic interactions. It has been argued that the
observed bias of support towards maternal kin might have
evolved as a by-product of the high level of spatial
proximity shared by kin (Chapais 2001). However, animals
in frequent proximity are also expected to target their kin
more often for the very same reason. In contrast, if coalitions
are indeed nepotistic, then both maternal and paternal half-
sisters are expected to support each other more than non-kin
and to target each other less than non-kin (Silk et al. 2004).

The decision of whom to support or target depends upon
the costs and benefits associated with an intervention (e.g.
Hamilton 1964; Chapais 1992; Widdig et al. 2000; Engh et
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al. 2005). It is generally assumed that the benefit of
supporting kin is higher than that of supporting non-kin. If
injuries have an effect on fitness, and if intervention against
a higher-ranking individual involves a risk of retaliation and,
therefore, injury (Ehardt and Bernstein 1992), then such
interventions can be considered to be of high cost. In
contrast, interventions against lower-ranking targets are less
likely to entail retaliation (Ehardt and Bernstein 1992) and
can therefore be considered to be of low cost. When the
costs of providing support are high, kin can be expected to
support each other more often than non-kin, whereas when
the costs of targeting are high, kin are expected to target each
other less often than non-kin (Hamilton 1964).

The main goal of the present study was to investigate
whether adult female rhesus macaques discriminate be-
tween maternal half-sisters, paternal half-sisters and unre-
lated females during interventions in ongoing dyadic
aggression, and whether the level of such an involvement
is a function of the retaliation risk. We expected that
females would support both maternal and paternal half-
sisters more than unrelated females, particularly when
support is of high cost. Likewise, we expected that females
would target both maternal and paternal half-sisters less
often than unrelated females, particularly when targeting is
of high cost. Given the previously reported differences in
terms of both affiliation and aggression bias (Widdig et al.
2001, 2002), we predicted that females would support and
target their maternal half-sisters more than their paternal
half-sisters, despite the fact that they share a similar
proportion of their genes identical-by-descent.

Methods
Study population

We studied one troop (group R) of rhesus macaques
residing on Cayo Santiago, a 15.2-ha island offshore of
Puerto Rico, which is inhabited by approximately 800
rhesus macaques. All monkeys are direct descendants of the
400 founder animals captured in India in 1938 (Rawlins
and Kessler 1986). Rhesus monkeys live in multi-male,
multi-female groups which are characterised by female
philopatry (Gouzoules and Gouzoules 1987) and male
dispersal (Lindburg 1969; Colvin 1983). They breed on a
seasonal basis (Drickamer 1974), with inter-birth intervals
of approximately 1 year (Rawlins and Kessler 1986). The
mating season on Cayo Santiago usually lasts from May to
October followed by a birth season from November to
April. The dates of birth and sex of all subjects were
extracted from the demographic database of the Caribbean
Primate Research Center (CPRC). The study population
comprises social groups of representative size, bearing in
mind that group size in wild rhesus macaques varies widely

between 10 and 240 individuals (Seth and Seth 1986;
Southwick et al. 1996). Although our study group, troop R,
is rather large, it is best studied in terms of paternity. During
our study, group R consisted of 91 females, 35 natal males
and 46 non-natal males. Our study was confined to the
patterns of coalition formation exhibited by those adult focal
females (NV=34) which had maternal half-sisters, paternal
half-sisters and/or unrelated females in the troop. The study
was restricted to females because females remain in their
natal group and therefore interact with both kin and non-kin.

Paternity analyses

Gestation in rhesus macaques takes an average of 167 days
(Silk et al. 1991), and male reproduction does not
commence before the age of 3 years (Bercovitch et al.
2003). Therefore, any male 1,250 days older than, and
residing on the island 200 days before, the birth of a given
individual was considered a potential sire. Paternity was
determined using 15 microsatellites (Niirnberg et al. 1998;
Widdig 2002) with logio-likelihood ratios (LRs) for
paternity vs non-relatedness calculated as previously de-
scribed (Krawczak 1999). Paternity of a given individual
was regarded as established when the putative sire had an
LR in favour of paternity that was larger than 2
(corresponding to a standardised paternity probability
>99%) and at least one unit larger than the LR of any
other potential sire. Paternity can be discerned for 76 (84%)
of the 91 females in the study group. For the remaining 15
females, DNA fingerprints (Epplen 1992) were used to rule
out the presence of a paternal half-sister in group R during
the behavioural observation period (Widdig 2002).

Behavioural definitions

A ‘coalition’ is defined as a triadic interaction (involving a
supporter, a recipient and a target) in which the supporter
intervenes in an ongoing conflict between the recipient and
target so as to support the former against the latter (de Waal
1992). Such an intervention can occur either in favour of
(‘supporting’) or against (‘targeting’) a maternal half-sister,
a paternal half-sister or an unrelated female. To account for
the costs of interventions, we distinguished between
situations in which the intervener was of higher or lower
rank than the target. For example, an intervener would
provide high-cost support to a half-sister when targeting a
higher-ranking opponent, but low-cost support when
targeting a lower-ranking opponent.

Kin and age categories

We classified all 91 group R females into specific kin and
age categories, defined each time from the perspective of a
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focal female. Females were classified as maternal half-
sisters when they were born to the same mother but had
different fathers (coefficient of relatedness, r=0.25).
Females were classified as paternal half-sisters when they
were born to different mothers but had the same father
(r>0.25, because mothers have a substantially higher
probability of being related than fathers; de Ruiter and
Geffen 1998). To control for the influence of maternal
kinship upon behaviour, we confined our analysis to
paternal half-sisters that were born to mothers from
different matrilineal families (defined below). The number
of full siblings (+=0.50) was too few to warrant treatment as
a separate category (Widdig et al. 2002). Pairs of females
were classified as unrelated (i.e. r~0.00) when they
matched two criteria. First, they had to be born into
different matrilineal families, where a ‘family’ consisted
of the oldest surviving daughter (or granddaughter if the
daughter was deceased) of a matrilineal founder together
with at least three of her offspring (Widdig et al. 2001).
Second, they had to be paternally unrelated, that is, they
were neither paternal half-siblings nor descendants of
paternal half-siblings (e.g. cousins, aunt—niece and second
cousins). For most adult females, only information on one
or two generations of the paternal lineage was available (i.e.
the identity of the father and maternal grandfather).
Therefore, the possibility of some individuals belonging to
the same patriline could not be ruled out.

Rhesus macaques can be assigned to non-overlapping
birth cohorts, although infants from the same cohort may
differ in age by up to 6 months. Females can be born either
into the same birth cohort (peers) or into different birth
cohorts (non-peers). Female rhesus macaques almost
always give birth to a single offspring (Bercovitch et al.
2002) so that maternal half-siblings are usually of a
different age. Paternal half-siblings and unrelated females,
in contrast, can be either of the same or of a different age.
We have reported that both paternal relatedness and age
proximity have an effect on affiliation (Widdig et al. 2001,
2002), but during the current study, interventions among
peers rarely occurred. Hence, we controlled for age by
limiting our analysis to pairs of females of different age
(non-peers), including maternal half-sisters, which invari-
ably were non-peers (MS-NP), paternal half-sisters that
were non-peers (PS-NP) and non-kin females that were
non-peers (NK-NP) (Widdig et al. 2001).

Behavioural data

A total of 958 focal observation hours were collected by A.
W. between May and December 1997 (Widdig 2002;
Widdig et al. 2001, 2002). All group members were
recognised on an individual basis. Data on coalition
formation among the 34 focal adult females were based
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upon focal animal and all occurrence samplings (Altmann
1974; Martin and Bateson 1986). We combined focal and
all occurrence data to increase the number of coalitions
observed per female. Coalitions are relatively long-lasting,
and often, noisy events (Altmann 1974) and rhesus
macaques tend to redirect received aggression to
lower-ranking individuals, often producing a series of
conspicuous aggressive events (A. Widdig, personal
observation). Therefore, the combination of all occurrence
data with focal data was unlikely to substantially bias our
results. We also collected focal and all occurrence data
on dyadic aggression to (1) construct a dominance
hierarchy of the adult females (see below) and (2) to
assess the number of opportunities per female to support
other females in the group. To calculate opportunities for
intervention, we only used non-silent agonistic dyadic
interactions (hereafter known as dyadic conflicts) defined
as either non-silent aggression (e.g. vocal threat, lunge,
charge, chase, bite and attack) or non-silent responses to
aggression (e.g. scream). Silent agonistic interactions (e.g.
open-mouth threat, head-bobbing and displacement) were
excluded because these can have easily gone unnoticed
by potential interveners.

We distinguished between high- and low-cost opportu-
nities for intervention. Assume that an observed dyadic
conflict involved two opponents (female X and female Y),
with focal female Z supporting X while targeting Y. The
intervention would have been deemed ‘high cost’ when Z
was lower-ranking than Y and ‘low cost’” when Z was
higher-ranking than Y. We excluded the information as to
who initiated the original dyadic conflict because a
potential intervener might have lacked this information.
For each intervention in an ongoing dyadic conflict, we
collected the following information whenever possible: (1)
the identity of the aggressor and victim in the original
dyadic conflict, (2) the kind and context of the aggression
in the original dyadic conflict, (3) the identity of the intervener
and (4) the sequence of the intervening individuals. In cases
where more than one supporter was observed to
intervene in the same dyadic conflict (polyadic support),
the event was divided into several triads, including the
same target and recipient, but different supporters
(Widdig et al. 2000).

Data analysis

The dominance rank of all group females (N=91) was
determined from the outcome of dyadic agonistic inter-
actions with other females. All mothers were found to be
dominant over their daughters and, with the exception of
two pairs, all maternal half-sisters can be ranked as
predicted from their birth order. The hierarchy was stable
over the course of the study (see Widdig 2002 for details).
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The 34 focal females intervened in 1,063 triads, with an
average of 1.1 interventions per observation hour. For the
present analysis, we extracted those 299 triads in which a
focal female intervened in favour of either a maternal half-
sister (125 triads), a paternal half-sister (16 triads) or an
unrelated female (158 triads). We also extracted 363 triads
in which a focal female intervened either against a maternal
half-sister (33 triads), a paternal half-sister (11 triads) or an
unrelated female (319 triads). To assess the level of kin
bias, rates of support or targeting per opportunity to
intervene were calculated for each focal female in all kin
and cost categories. The observed number of low- or high-
cost interventions by a given focal female in favour of, or
against, another specific female was then divided by the
number of low- or high-cost opportunities for potential
intervention based upon the dyadic conflicts observed (cf.
Widdig et al. 2000; Silk et al. 2004). For each focal female,
the unit of analysis was thus the mean rate of intervention
per opportunity to intervene towards or against a given age
and kin category. These rates were compared between
different kin categories using a Wilcoxon test.

To account for rank and age information simultaneously,
we also performed a logistic regression analysis for dyads
(supporter—recipient or supporter—target) using the absolute
rank and age differences as independent variables. For each
kin and cost category, we used a binary approach in which
a dyad was coded as one if at least one support or targeting
event was observed, and as zero otherwise.

Statistical tests

All statistical tests were conducted at a significance level of
0.05. Although we have coined directional hypotheses
about the influence of kinship upon behaviour throughout
(e.g. a particular kin category gives more support than
another), the rationale of these predictions may potentially
still be questioned. Therefore, we have chosen to use two-
tailed statistical tests in all instances of formal significance
assessment. Multiple testing was corrected for using the
Dunn-Siddk method (Sokal and Rohlf 1995). An individ-
ual significance level alpha,, («,,) was calculated for each P
value. Only P values less than or equal to oy, were held to

indicate a significant test result to ensure an error rate of
0.05 in the entire test series. All analyses were carried out
using SPSS 10.0 (SPSS Inc., Chicago, IL, USA).

Results

We analysed the distribution of interventions by adult
females either in favour of, or against, a specific non-peer
kin category using the mean rates of high- and low-cost
intervention per opportunity to intervene (Table 1). Females
supported their maternal half-sisters significantly more
often than unrelated females both at high and low cost
(Table 2a,b). Our data also suggest a significant bias of
high- and low-cost support of maternal half-sisters in
comparison with paternal half-sisters (Table 2c,d). Females
provided significantly more high- and low-cost support to
unrelated females than to paternal half-sisters (Table 2e,f), a
pattern contradicting expectation.

Females targeted their maternal half-sisters significantly
less often than unrelated females at high costs (Table 3a)
but not at low costs (Table 3b). Maternal half-sisters
targeted each other significantly more often than paternal
half-sisters at low cost (Table 3d) but not at high costs
(Table 3c). Paternal half-sisters targeted each other signif-
icantly less often than unrelated females at low (Table 3f)
but not at high costs (Table 3e).

Absolute rank and age difference explained some of the
variation in the patterns of support and targeting. A
significant impact of age difference was found upon both
low- and high-cost support among maternal half-sisters.
Rank differences were irrelevant because ranks are similar
among maternal half-sisters owing to the maternal inheri-
tance of ranks in Cercopithecines (Table 4). Among
paternal half-sisters, neither rank nor age difference
contributed significantly to support or targeting (Table 4).
In contrast, the absolute rank difference was important for
both high- and low-cost support observed between unrelat-
ed females, with an additional effect of age difference for
low-cost support. With respect to targeting, we observed a
significant effect of rank difference among non-kin at low
cost (Table 4).

Table 1 Mean rates (+SD) of agonistic intervention in different kin categories

Kin category N High-cost support Low-cost support High-cost targeting Low-cost targeting
MS-NP 34 0.0410+0.0499 0.0447+0.0723 0.0004+0.0022 0.0179+0.0329
PS-NP 19 0.0004+0.0017 0.0006+0.0017 0.0011+0.0044 0.0026+0.0058
NK-NP 34 0.0020+0.0040 0.0017+0.0018 0.0006+0.0007 0.0095+0.0166

In a given kin category, individual-specific rates were calculated dividing the observed number of high-cost interventions by a female by the

respective number of high-cost opportunities of that female to intervene.

N Number of individuals analysed (N<34 reflects that some adult females were lacking partners in the respective kin category); MS-NP maternal
half-sisters being non-peers; PS-NP paternal half-sister being non-peers; NK-NP non-kin female being non-peers
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Table 2 Testing kin bias according to the costs of support

Prediction N Wilcoxon P and oy,  Prediction
test (2) supported?

MS-NP vs NK-NP

a. MS-NP give more 34 —4.742 P<0.001, Yes
high-cost support a,=0.017
than NK-NP

b. MS-NP give more 34 —4.263 P<0.001, Yes
low-cost support a,=0.017
than NK-NP

MS-NP vs PS-NP

c. MS-NP give more 19 —3.297 P<0.001, Yes
high-cost support a,=0.025
than PS-NP

d. MS-NP give more 19 —3.351 P<0.001, Yes
low-cost support a,=0.025
than PS-NP

PS-NP vs NK-NP

e. PS-NP give more 19 —2.480 P=0.013, No*
high-cost support a,=0.050
than NK-NP

f. PS-NP give more 19 —1.965 P=0.049, No*

low-cost support
than NK-NP

,=0.050

Predictions of high- and low-cost interventions were tested using the
Wilcoxon test. For abbreviations of kin categories, see Table 1.
Multiple testing was corrected for using the Dunn-Sidak method,
including all three different tests for the same behaviour (e.g. high-
cost support). An individual significance level alpha, (cy,) was
calculated for each P value. Only P values less than or equal to a,
were held to indicate a significant test result.

N Number of females tested in each comparison.

“This result is opposed to the prediction.

Discussion

The results of our study confirm previous findings that
female mammals support maternal kin more often than
maternally unrelated females (e.g. Wahaj et al. 2004;
reviewed for primates in Chapais 1992, 2001; Silk 2002)
regardless of the costs of support (Datta 1983a,b; Kaplan
1977; Bernstein and Ehardt 1985). The differences we
observed in rhesus macaques between maternal and
paternal half-sisters agree well with data on coalitions
among spotted hyenas (Wahaj et al. 2004). However, they
were not to be expected from kin selection theory because
paternal half-siblings share a similar proportion of genes
identical-by-descent, as do maternal half-sisters (de Ruiter
and Geffen 1998). Nevertheless, a higher level of affiliation
among maternal than among paternal half-sisters has
already been suggested for different Cercopithecine species
(Widdig et al. 2001; Silk et al. 2006; Charpentier et al.
2006) and for spotted hyenas (Wahaj et al. 2004). Our data
further revealed that females target their maternal half-
sisters significantly less often than unrelated females at high
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costs but not at low costs. The present study also
corroborated earlier findings that females direct most
(dyadic) aggression towards maternal half-sisters (e.g.
Widdig et al. 2002) even when controlling for the greater
spatial proximity of maternal half-sisters (Widdig 2002).
Coalition formation has been reported to occur between
maternally unrelated mammals (Chapais et al. 1991;Noé
1992; Widdig et al. 2000; Silk et al. 2004), but these
alliances might include a considerable number of paternal
kin coalitions in species with a high skew in male
reproductive success (see references in ‘Introduction’). We
therefore, for the first time, distinguished between paternal
half-siblings and non-kin in the context of coalition
formation among female primates. In contrast to previous
primate studies, which reported stronger affiliation among
paternal half-sisters than unrelated females (Widdig et al.
2001; Smith et al. 2003; Silk et al. 2006; Charpentier et al.
2006), our data provided no consistent evidence for a
paternal kin bias in triadic interactions. Unrelated females
supported each other significantly more often than did
paternal half-sisters regardless of whether the costs of
support were high or low. Our study further revealed that
females in the study population target their paternal half-
sisters significantly less often than unrelated females at low
costs, which suggests that females refrain from targeting
their paternal half-siblings in agonistic disputes. The lack of
support among paternal half-sisters contradicts findings

Table 3 Testing kin bias according to the costs of targeting

Prediction N Wilcoxon P and o, Prediction
test (2) supported?

MS-NP vs NK-NP

a. MS-NP targeting 34 3797 P<0.001, Yes
less at high costs a,=0.017
than NK-NP

b. MS-NP targeting 34 —0.393 P=0.695, No
less at low costs a,=0.050
than NK-NP

MS-NP vs PS-NP

c. MS-NP targeting 19 -1342 P=0.180, No
more at high costs a;,=0.050
than PS-NP

d. MS-NP targeting 19 2411 P=0.016, Yes
more at low costs a,=0.017
than PS-NP

PS-NP vs NK-NP

e. PS-NP targeting 19 -1.569 P=0.117, No
less at high costs a,=0.025
than NK-NP

f. PS-NP targeting less at 19 —2.243  P=0.025, Yes
low costs than NK-NP a,=0.025

See details in Table 2.
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Table 4 Binary logistic regression results for high- and low-cost support (or targeting, respectively) within dyads as a function of the absolute

rank and age differences

Kin category Variables tested

High-cost support

Low-cost support

High-cost targeting

Low-cost targeting

W=1.187, P=0.276
W= 5914, P=0.015
W=2.820, P=0.093
W=0.396, P=0.529

W=0.004, P=0.945
W=0.004, P=0.953
W=0.009, P=0.923
W=0.030, P=0.864

W=1.347, P=0.246
W=0.232, P=0.630
W=2.409, P=0.121

MS-NP Abs rank W=0.038, P=0.845
Abs age W=5.593, P=0.018

PS-NP Abs rank W=1.477, P=0.224
Abs age W=0.016, P=0.899

NK-NP Abs rank W=20.904, P<0.001
Abs age W=0.040, P=0.841

W=11.968, P<0.001
W=21.365, P<0.001

W=0.045, P=0.831
W=14.696, P<0.001
W=2.728, P=0.099

W=1.160, P=0.282
W=1.898, P=0.168

The table shows the W and P values for each kin category for both high- and low-cost interventions.

Abs Absolute; W Wald statistic

made in spotted hyenas, which form more coalitions with
paternal half-siblings than with unrelated individuals
(Wahaj et al. 2004, see below). Nevertheless, the data of
our study suggest that paternal kin discrimination influ-
ences coalition formation in female rhesus macaques,
although explanations for the observed patterns would
naturally remain speculative (see below).

The outcome of our study raises three questions. First,
why is there a bias of support only towards maternal half-
sisters when paternal half-sisters share a similar (or greater)
amount of genes? Maternal half-sisters show a higher level
of affiliation than paternal half-sisters in mammals (e.g.
Widdig et al. 2001; Wahaj et al. 2004; Silk et al. 2006), so
the bias of support towards maternal half-sisters would
seem plausible. Support was preferentially given to similar-
ranking females because maternal half-sisters are always
adjacent in rank, whereas paternal half-sisters and unrelated
females vary tremendously in rank difference (Widdig et al.
2001). Thus, support between maternal half-sisters may
reflect the generally observed attraction between similar-
ranking females (de Waal and Luttrell 1986; de Waal 1991;
Chapais et al. 1991, 1994; Kapsalis and Berman 1996a,b). In
61% of all triads support between maternal half-sisters was
given by the younger (and therefore higher-ranking) sister
who no longer competed over rank with their older sisters.
Hence, the different patterns observed among maternal and
paternal relatives in terms of coalition formation suggest that
kin selection per se is insufficient to account for the support
and targeting interventions in this population.

The second question is why do maternal half-sisters also
target each other most often? An earlier study on rhesus
macaques indeed reported high levels of dyadic aggression
between close maternal kin (Bernstein and Ehardt 1986),
but female bonnet macaques have been shown to direct
more severe aggression towards non-kin (Silk et al. 1981).
Coalition patterns among adult female baboons also differ
from those reported in the present article in that baboons
target close kin less often than non-kin (Silk et al. 2004).
The pronounced targeting of maternal half-sisters in our
study can be the result of living in an extremely despotic

society with strong kin bonding, a characteristic of rhesus
macaques. Both positive and negative interactions are
promoted when animals are frequently in close spatial
proximity. Kin are both close competitors and associates
(Alexander 1974; Chapais 1995), and competition among
kin can reduce or eliminate the benefits of kin selection
(West et al. 2002). Our study appears to highlight a
conflict of interests for individual females because
interventions against maternal half-sisters mostly targeted
older (and therefore lower-ranking) sisters (97%) and
often entailed the support of a more closely related
female than the sister (e.g. their mother or own offspring)
(61%). Our findings suggest an interaction between
absolute age difference and the probability of giving
support to maternal half-sisters, whereas the absolute
rank difference does not cause differences in terms of
intervention. Hence, age proximity not only influences
aggression and affiliation among social partners (Widdig
et al. 2001, 2002) but also mediates the process of coalition
formation among maternal kin.

The final and most important question is why do female
rhesus macaques tend to refrain from supporting paternal
half-siblings? Our data do not provide an answer to this. One
possible explanation might be that paternal kin face more
serious constraints such as difference in rank with respect to
their intervention capabilities than do maternal kin. Howev-
er, unrelated females vary in rank similarly to paternal half-
sisters (Widdig et al. 2001). The logistic regression analysis
suggested that absolute rank and age differences do not
contribute much to the willingness to support paternal half-
sisters. Nevertheless, high-ranking females gave more
support to both paternal half-sisters and unrelated females
when compared with low-ranking females (data not
presented). This might suggest that support, regardless of
kinship, is expected mainly among high-ranking females
because they have a greater opportunity at lower cost than
low-ranking females to regulate social relationships within
a group (Silk et al. 2004). Nevertheless, that females refrain
from targeting their paternal half-siblings in agonistic
disputes represents one form of nepotism.
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In contrast to rhesus macaques, paternal half-siblings of
spotted hyenas have been found to form more coalitions
with each other than do unrelated individuals, to direct less
dyadic aggression towards each other than towards unre-
lated individuals, but not to affiliate more than unrelated
individuals (Wahaj et al. 2004). Although the observed
differential interactions with kin and non-kin are in
accordance with predictions made by kin selection theory
(Hamilton 1964), the actual behavioural patterns in hyenas
and primates point in opposite directions (affiliation:
Widdig et al. 2001; Smith et al. 2003; Silk et al. 2006;
Charpentier et al. 2006; dyadic aggression: Widdig et al.
2002; coalitionary support: this study). One possible
explanation for this discrepancy might be rank difference.
Thus, the study on spotted hyenas was matched for social
rank (Wahaj et al. 2004), whereas in our sample, as in other
primate studies, the rank difference between paternal half-
sisters ranged from small to large. In fact, our own data
suggest that paternal half-sisters support each other more
when they are similar in rank (data not shown).

In summary, kin bias in coalition formation among adult
female rhesus macaques seems to be nepotistic (cf. Chapais
2001). The reason why females affiliate more with paternal
half-sisters than with non-kin, but do not provide paternal
half-sisters with more support than non-kin, remains
unknown. Similarly, it is still unclear why females target
paternal half-sisters less often than non-kin in triadic
aggression (this study) but not dyadic aggression (Widdig
et al. 2002). Whether context-dependent kin discrimination
is due to a lack of benefit in certain behavioural contexts or
whether other constraints inhibit paternal kin bias remains
to be answered by future studies. Although the observed
differential interactions are in accordance with the predic-
tions of kin selection theory (Hamilton 1964), it is likely
that sociality and the concomitant patterns of competition
and cooperation invoke a complex interplay that balances
kinship against the costs and benefits of interactions.
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